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COMPARATOR CIRCUIT 

FIELD OF THE INVENTION 
The present invention relates to a comparator circuit, 
and in particular to a comparator circuit having both 
current output and voltage output and suitable for a 
monolithic integrated circuit. 

BACKGROUND OF THE INVENTION 
A voltage output type comparator is disclosed, for 
example, in Japanese Laid-Open Patent Application 
Tokukai 2000-188517A (published on July 4, 2000), or in 
Japanese Laid-Open Patent Application Tokukai 
2001-189633A (published on July 10, 2001). Figure 2 
shows a conventional comparator circuit 1 1 having both 
current output and voltage output. The comparator 
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circuit 11 includes a differential amplifier 12, transistors 
QIS and Q14, and constant current sources CS12 and 
CS13. The differential amplifier 12 is made up of 
transistors Qll and Q12, resistors R15 and R16, and a 
constant current source CSll. The comparator circuit 
11 further includes an emitter follower circuit 13 as a 
positive feedback circuit for applying feedback to each 
base of the transistors Qll and Q12 of the differential 
amplifier 12 and for outputting an output voltage of the 
comparator circuit 11, and means for supplying an input 
voltage of the comparator circuit 11 to the respective 
junctions between each base of the transistors Qll and 
Q12 of the differential amplifier 12 and resistors R13 and 
R14 via the resistors Rll and R12. 

Also, for obtaining current output, the comparator 
circuit 1 1 further includes a current switch circuit 20 made 
up of the transistors Q15 and Q16, and a constant current 
source CS14. The output voltage of the comparator 1 1 is 
supplied to each base of the transistors Q15 and Q16 so 
that the collector currents of the transistors Q15 and Q16 
are switched with the switching of the output voltage of the 
comparator circuit 11, thus realizing current output of the 
comparator circuit 11. 

The following will explain operation of the comparator 
circuit 11 and the current switch circuit 20. Note that, in 
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the operation explained below. hFE of the transistor is so 
high that the base current does not need to be taken into 
account. Further, a voltage between base/emitter of the 
transistor Q13 and a voltage between base/emitter of the 
transistor Q14 are approximately equal. 

In Figure 2, vl and v2 express the input voltages of 
the comparator circuit 11, respectively, while v3 express a 
base voltage of the transistors Qll, v4 expresses a base 
voltage of the transistor Q12, v5 expresses an emitter 
voltage (comparator output voltage) of the transistor Q14, 
and v6 expresses an emitter voltage (comparator output 
voltage) of the transistor Q13. Firstly, it is assumed that a 
current 111 from the constant current source CSll flows 
into the transistor Qll with the input condition = vl > v2. 
Here, the respective output voltages v5 and v6 are denoted 
by the following equations. 
v5 = Vr - VBE(Q14) 
v6 = Vr - R15 X 111- VBE(Q13) 

where Vr expresses a reference voltage, VBE (Q13) 
expresses the voltage between base/emitter of the transistor 
Q13. Accordingly, the relation between the comparator 
output voltages v5 and v6 are expressed as v5 > v6. 

Further, v3 is supplied by dividing vl and v5 by the 
resistors Rll and R13, and v4 is supplied by dividing v2 
and v6 by the resistors R12 and R14. Thus, v3 and v4 are 
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denoted by the following equations. 

v3 = (Rll v5 + R13 X vl)/(Rll + R13) 
v4 = (R12 X v6 + R14 x v2)/(R12 + R14) 
According to the relations vl > v2 and v5 > v6, and 
when the resistors are designed to satisfy Rll = R12 and 
R13 = R14, v3 becomes greater than v4. Therefore, the 
constant current 111 of the constant current source CSll 
flows into the transistor Qll, and the output voltages of the 
comparator circuit 1 1 stably maintain the relation of v5 > 
v6. 

Further, according to the relation of v5 > v6, the 
constant current 114 flows into the transistor Q15 in a 
current switch circuit 20 as the second-stage circuit, and 
the output current of the comparator becomes iol = 114, 
io2= 0. Thus, the output currents also stably maintain the 
relation of iol > io2. 

Next, in the condition above, when vl is decreased 
with respect to v2 (vl < v2), the difference between v3 and 
v4 is reduced, and when the difference between v3 and v4 
satisfies a certain condition with the application of positive 
feedback by the resistors R13 and 14, the flow of the 
constant current II 1 is switched from the transistor Qll to 
the transistor Q12. This switching is carried out on 
condition that the open loop gain = 1 when the positive 
feedback loop is removed. According to this condition, the 
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hatween v3 and v4 can be denoted as follows. 

v3 - v4 = VT X In ((111/2 + VA)/(I11/2 - VA)) 

where A = 111 x (111/4 - VT/R), R = Rll x R16/ (Rll 
+ R13) + R12 X R15/(R12 + R14), VT = K x T/q. 

(K expresses Boltzmann's constant, T expresses 
absolute temperature, q expresses elementary charge) 

When the difference between v3 and v4 satisfies the 
foregoing equation, the operation of the comparator circuit 
11 is instantly reversed by the positive feedback circuit, 
and the constant current 111 flows into the transistor Q12. 
Here, the output voltages of the comparator are expressed 
as follows. 

v5 = Vr - 111 X R16 - VBE(Q14) 
v6 = Vr - VBE(Q13) 

Accordingly, the relation between the comparator 
output voltages v5 and v6 are denoted as v5 < v6. 

Further, as with the case above, the relation between 
v3 and v4 are expressed by the following equations. 
v3 = (Rll X v5 + R13 X vl)/(Rll + R13) 
v4 = (R12 X v6 + R14 x v2)/(R12 + R14) 
According to the relations vl < v2 and v5 < v6, and 
when the resistors are designed to satisfy Rll = R12 and 
R13 = R14, v4 becomes greater than v3, and therefore, the 
constant current 111 flows into the transistor Q12, and the 
output voltages of the comparator circuit 1 1 stably 
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maintain the relation of v5 < v6. Here, since the constant 
current 114 flows into the transistor Q16 in the current 
switch circuit 20 as the second-stage circuit, the output 
currents of the comparator become iol = 0, io2= i4. 
Accordingly, the relation of iol < io2 is maintained. 

Next, in the condition above, when vl is decreased 
with respect to v2 (vl < v2), the operation of the comparator 
11 is reversed when the difference between v3 and v4 
satisfies a certain condition. As with the case above, the 
open loop gain = 1 also in this condition, and the following 
equation is satisfied. 

v3 - v4 = VT X In ((111/2 + VA)/(I11/2 - VA)) 
When the difference between v3 and v4 satisfies the 
foregoing equation with the application of positive feedback, 
the operation of the comparator circuit 11 is instantly- 
reversed, and the constant current 111 flows in the 
transistor Qll, i.e., the current flow is again in the original 
state. 

In order to realize both voltage output and current 
output in the comparator circuit 11, it is necessary to 
additionally provide the current switch circuit 20. In, this 
configuration, the circuit current increases, and provision 
of the current switch circuit increases the chip size. 



SUMMARY OF THE INVENTION 
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An object of the present invention is to provide a 
comparator circuit with a simpler structure, and a smaller 
circuit area when realized as an IC, and less circuit current. 
In order to solve the foregoing problems, a comparator 
circuit according to the present invention includes: a 
differential amplifier including load resistors, for amplifying 
difference between two input voltages of the comparator 
circuit; an emitter follower circuit for applying positive 
feedback with respect to the differential amplifier, and 
outputting an output voltage of the comparator circuit; a 
grounded'base amplifier having transistors which each 
includes a base supplied with a reference voltage. The 
load resistors respectively flow currents which are obtained 
through the transistors as output currents of the 
comparator circuit. 

With the foregoing arrangement, the operation of the 
comparator circuit also carries out switching operation so 
that a current flowing in one transistor of a pair of 
differential transistors constituting a differential amplifier 
flows in another transistor of the pair. With this operation, 
the comparator circuit realizes current output by obtaining 
the current flowing in the load resistor of the differential 
amplifier through a transistor of a grounded-base amplifier 
as an output current of the comparator. With this 
arrangement, a conventional current switch circuit is not 
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* ^n**-- 

Additional objects, features, and strengths of the 
present invention will be made clear by the description 
below. Further, the advantages of the present invention will 
be evident from the following explanation in reference to the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a circuit diagram showing a comparator 
circuit according to one embodiment of the present 
invention. 

Figure 2 is a circuit diagram showing a conventional 
comparator circuit. 

DESCRIPTION OF THE EMBODIMENTS 
Figure 1 shows a comparator circuit according to one 
embodiment of the present invention. This comparator 
circuit 1 includes a differential amplifier 2 and an emitter 
follower circuit 3 as its main configuration, but does not 
include a circuit corresponding to the current switch circuit 
20 shown in Figure 2. The differential amplifier 2 
amplifies the difference between two input voltages of the 
comparator circuit 1. The differential amplifier 2 includes 
load resistors R5 and R6, transistors Ql and Q2, a constant 
current source CSl, as with the differential amplifier 12 of 
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Pianrp 2 and additionally includes transistors Q3 and Q4 
as a grounded-base amplifier in which a base potential is 
used as a reference voltage. The reference voltage is 
generated in a reference voltage source 4. The transistors 
Q3 and Q4 are serially connected to the load resistors R5 
and R6, respectively. More specifically, each emitter of the 
transistors Q3 and Q4 are respectively connected to the 
load resistors R5 and R6, and the comparator current 
outputs are obtained from the respective collectors of the 
transistors Q3 and Q4. 

As with the emitter follower circuit 13 of Figure 2, the 
emitter follower circuit 3 includes transistors Q5 and Q6, 
and constant current source CS2 and CS3. The emitter 
follower circuit 3 operates as a positive feedback circuit for 
supplying the output of the differential amplifier 2 to each 
base of the transistors Ql and Q2 via feedback resistors R3 
and R4, and also operates as an emitter follower circuit for 
outputting an output voltage of the comparator circuit 1 1 . 
Further, input voltages vl and v2 are respectively supplied 
from first and second input terminals to the comparator 
circuit 1. Then, the input voltages vl and v2 are supplied 
as base voltages v3 and v4 to the respective junction 
between each base of the transistors Ql and Q2 of the 
differential amplifier 2 and the resistors R3 or R4 via the 
resistors Rl and R2. 
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Next, the following will explain operation of the 
comparator circuit 1 of the present embodiment. 

Note that, in the following explanation, hFE of the 
transistor is so high that the base current does not need to 
be taken into account. Further, a voltage VBE (Q4) 
between base/ emitter of the transistor Q4 and a voltage 
VBE (Q3) between base/ emitter of the transistor Q3 are 
approximately equal, and a voltage VBE (Q5) between 
base/ emitter of the transistor Q5 and a voltage VBE (Q6) 
between base/ emitter of the transistor Q6 are 
approximately equal. 

The input voltages of the comparator circuit 1 are 
expressed as vl and v2 as shown in Figure 1, the base 
voltages of the transistors Ql and Q2 are respectively 
expressed as v3 and v4, and the emitter voltage (comparator 
output) of the transistor Q5 is expressed as v6, and the 
emitter voltage of the transistor Q6 is expressed as v5. 
Firstly, it is assumed that the constant current II flows into 
the transistor Ql side on condition that vl > v2. Here, the 
respective output voltages are denoted by the following 
equations. 

v5 = Vr - VBE(Q4) - VBE(6) 

v6 = Vr - R5 X 11 - VBE(Q3) - VBE(Q5) 

Accordingly, the relation between the output voltages 
v5 and v6 of the comparator circuit 1 is denoted as v5 > v6. 
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Further, v3 is supplied by dividing vl and v5 by the 
resistors Rl and R3, and v4 is supplied by dividing v2 and 
v6 by the resistors R2 and R4. Accordingly, v3 and v4 are 
denoted by the following equations, 

v3 = (Rl X v5 + R3 X vl)/(Rl + R3) 

v4 = (R2 X v6 + R4 X v2)/(R2 + R4) 

According to the equations vl > v2 and v5 > v6, and 
when resistors are designed to satisfy Rl = R2 and R3 = R4, 
v3 becomes greater than v4. Therefore, the constant 
current II flows into the transistor Ql side, and the output 
voltages of the comparator circuit 1 stably maintain the 
relation of v5 > v6. 

Further, as to the current output, since the constant 
current II flows in the transistor Ql side, the output 
currents of the comparator are expressed as iol = II, io2= 0. 
Accordingly, the relation of iol > io2 is stably maintained. 

Next, in the condition above, when vl is decreased 
with respect to v2 (vl <v2), the difference between v3 and 
v4 is reduced, and when the difference between v3 and v4 
satisfies a certain condition with the application of positive 
feedback by the resistors R3 and 4, the flow of the constant 
current II is switched from the transistor Ql to the 
transistor Q2. This switching is carried out on condition 
that the open loop gain = 1 when the positive feedback loop 
is removed. According to this condition, the difference 
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between v3 and v4 can be denoted as follows. 

v3 - v4 = VT X In ((11/2 + a/A)/(I1/2 - VA)) 

where A = II x (ll/4 = VT/R), R = Rl x R6/ (Rl + R3) 
+ R2 X R5/(R2 + R4), VT = K x T/q. 

(K expresses Boltzmann's constant, T expresses 
absolute temperature, q expresses elementary charge) 

When the difference between v3 and v4 satisfies the 
foregoing equation, the operation of the comparator is 
instantly reversed by the positive feedback circuit, and the 
constant current II flows into the transistor Q2. Here, the 
respective voltages are expressed as follows. 

v5 = Vr - II X R6 - VBE(Q4) - VBE(6) 

v6 = Vr - VBE(Q3) - VBE(Q5) 

Accordingly, the relation between the comparator 
output voltages v5 and v6 is denoted as v5 < v6. 

Further, as with the case above, the relation between 
v3 and v4 is expressed by the following equations. 

v3 = (Rl X v5 + R3 X vl)/(Rl + R3) 

v4 = (R2 X v6 + R4 X v2)/(R2 + R4) 

According to the relations vl < v2 and v5 < v6, v4 
becomes greater than v3, and therefore, the constant 
current II flows into the transistor Q2, and the output 
voltages of the comparator circuit 1 stably maintain the 
relation of v5 < v6. 

Further, since the constant current II flows into the 
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transistor Q2, the output current of the comparator are 
denoted by iol = 0, io2= II. Accordingly, the relation of 
iol < io2 is maintained. 

Next, in the condition above, vl is increased with 
respect to v2 (vl > v2), and when the difference between v3 
and v4 satisfies a certain condition, the operation of the 
comparator is reversed. As with the case above, the open 
loop gain = 1 also in this condition, and the following 
equation is satisfied. 

v3 - v4 = VT X In ((111/2 + VA)/(I11/2 - a/A)) 

When the difference between v3 and v4 satisfies the 
foregoing equation, the operation of the comparator is 
instantly reversed by the positive feedback circuit, and the 
constant current II flows into the transistor Ql, i.e., the 
current flow is again in the original state. 

As has been described, the comparator circuit of the 
present embodiment includes a differential amplifier for 
inputting an input voltage of the comparator circuit and an 
emitter follower circuit for supplying back the output of the 
differential amplifier to apply positive feedback thereto, and 
outputting an output voltage of the comparator circuit, 
wherein the differential amplifier includes a load resistor 
that is connected to an emitter of a transistor constituting a 
grounded-base amplifier whose base is connected to a 
reference voltage, and the load resistor flowing a current 
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which is obtained through a collector of the transistor as an 
output current of the comparator. 

Further, more specifically, the comparator circuit of 
the present embodiment includes: first and second 
transistors whose emitters are both connected to a first 
constant current source and whose collectors are connected 
to one terminal of a fifth resistor and one terminal of a 
sixth resistor, respectively, so as to constitute a differential 
amplifier; third and fourth transistors for constituting a 
grounded-base amplifier, the third and fourth transistors 
having emitters connected to another terminal of the fifth 
resistor and another terminal of the sixth resistor, 
respectively, the third and fourth transistors each including 
a base connected to a reference voltage source so that 
currents flowing in the first and second resistors are 
obtained through each collector of the third and fourth 
transistors as first and second output currents of the 
comparator circuit; fifth and sixth transistors which operate 
as a follower circuit for outputting first and second output 
voltages by using outputs of the differential amplifier; 
second and third constant current sources for supplying a 
constant current to each of the fifth and sixth transistors, 
respectively; first and third resistors connected in series 
between a first input terminal and a first voltage output 
terminal, the first and third resistors having a junction 
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therebetween, which is connected to a base of the first 
transistor; and second and fourth resistors connected in 
series between a second input terminal and a second 
voltage output terminal, the second and fourth resistors 
having a junction therebetween, which is connected to a 
base of the second transistor. 

With this arrangement, the operation current of the 
differential amplifier is obtained as an output current of the 
comparator circuit, and therefore, a conventional current 
switch circuit is not required, thus reducing amount of 
circuit current. Further, since this arrangement does not 
require a transistor and a constant current circuit for the 
current switch circuit, the number of elements is reduced, 
thus reducing the chip size when the arrangement is 
realized as an IC. 

The embodiments and concrete examples of 
implementation discussed in the foregoing detailed 
explanation serve solely to illustrate the technical details of 
the present invention, which should not be narrowly 
interpreted within the limits of such embodiments and 
concrete examples, but rather may be applied in many 
variations within the spirit of the present invention, 
provided such variations do not exceed the scope of the 
patent claims set forth below. 



